Abstract In many different galactic environments the cluster initial mass function (CIMF) is well described by a power-law with index −2. This implies a linear relation between the mass of the most massive cluster (M max ) and the number of clusters. Assuming a constant cluster formation rate and no disruption of the most massive clusters it also means that M max increases linearly with age when determining M max in logarithmic age bins. We observe this increase in five out of the seven galaxies in our sample, suggesting that M max is determined by the size of the sample. It also means that massive clusters are very stable against disruption, in disagreement with the mass independent disruption (MID) model presented at this conference. For the clusters in M51 and the Antennae galaxies the sizeof-sample prediction breaks down around 10 6 M ⊙ , suggesting that this is a physical upper limit to the masses of star clusters in these galaxies. In this method there is a degeneracy between MID and a CIMF truncation. We show how the cluster luminosity function can serve as a tool to distinguish between the two.
1 The most massive star cluster from statistical considerations
In many studies of young star clusters the power-law is an ever returning function that is used to describe almost everything, where the only thing that varies is the index. The cluster initial mass function (CIMF) is one of the famous power-laws, with its index being M. Gieles 1 European Southern Observatory, Santiago 19, Chile −2 (e.g. Elmegreen and Efremov 1997; Zhang and Fall 1999; Bik et al. 2003; Whitmore 2003; de Grijs et al. 2003) . It is often assumed that the CIMF is "universal". But is that really true? In this contribution we investigate what the consequences are of a universal powerlaw CIMF with index −2. This function has several appealing properties that we use to make predictions, in particular for the most massive cluster in a galaxy. Lets consider the "universal" scenario, in which all cluster masses are drawn from the same CIMF:
For α ≤ 2 the total mass diverges at high masses, so φ(M ) has to be truncated at some upper value, which can be interpreted as a limit above which no clusters can exist. We will refer to this limiting mass as M up and to the most massive cluster observed, i.e. the most massive cluster actually formed, as M max . By choosing M up >> M max the CIMF behaves as if it has no truncation and the value of M max is the result of sampling statistics.
M max depends on the constant A in Eq. 1 and can be found by solving
For α > 1 and M up >> M max this results in A = (α − 1) M α−1 max and A = M max for α = 2. The relation between M up and M max depends on the number of clusters formed (N ) which is proportional to A. The larger N , the closer the statistically probable M max will be to M up . The relation between M max and N can be found from
For a constant M min we see from Eq. 4 that M max scales with N as
Assuming a constant cluster formation rate (CFR), dN/dt=constant, the number of clusters in logarithmic age bins, N bin , increases linearly with age, since N bin (t) ∝ dN/d ln(t) = t dN/dt and so N bin (t) ∝ t. The same holds for dN/d log(t) apart from an additional constant ln(10). Therefore M max in logarithmic age bins scales with age as (Hunter et al. 2003 )
2 Variations in the cluster formation rate and mass independent disruption
The derivation of Eq. 7 was based on a constant CFR and no disruption. Hunter et al. (2003) already noticed that a power-law relation for the CFR with age (dN/dt ∝ t η , with η negative for a CFR that was lower in the past) would change the relation for M max to
In a similar way we can add the effect of the mass independent dissolution (MID) model that was proposed by Fall et al. (2005) , Chandar et al. (2006) , Whitmore et al. (2007) and Chandar (in these proceedings). These authors argue that 90% of the clusters are destroyed each age dex which, combined with a constant CFR, results in dN/dt ∝ t −1 for mass limited cluster samples. For other MID percentages we can write dN/dt ∝ t −λ with 0 < λ < 1 for MID percentages between 0% and 90%. Adding MID to Eq. 8 we get
From Eq. 9 it is visible that there is a degeneracy between MID and a CFR that has been increasing from the past to now (η < 0). Because of the mass independent nature of this disruption model it is impossible to distinguish between an increasing CFR and MID. For the universal 90% MID scenario, which was proposed by Whitmore et al. (2007) , the predicted slope in a log(M max ) vs. log(age) diagram is 0 for all values of α in all galaxies.
If M max = M up , i.e. a physical maximum to the cluster masses that is reached at all ages, M max is also constant with age. Hence there is also a degeneracy between the 90% MID model and a truncation of the CIMF. In § 4 we will show that the luminosity function is different in these two situations. In the following section we will compare empirical cluster ages and masses to the predictions for M max (t). Bastian et al. (2005) and Zhang and Fall (1999) , respectively. We refer to Gieles and Bastian (2008) for more details on the data.
3.2 Observed trends of log(M max ) vs. log(age)
In Fig. 1 we show the trends of log(M max ) with log(age) in bins of 0.5 dex as open circles. We also show the third most massive cluster in each age bin (M max,3rd ) as filled circles, which is expected to follow the same relation as M max , but with less scatter. The full lines are fits of log(M max,3rd ) with log(age) over the first 100 Myr and the dashed lines consider an age range of 3 Gyr.
For the solar neighbourhood, SMC, LMC, M33 and M83 the observed increase of log(M max,3rd ) in the first 100 Myr is consistent with the size-of-sample prediction without disruption (Eq. 7). This rules out the long term 90% MID proposed by Whitmore et al. (2007) as a universal cluster disruption mechanism for these galaxies. If the Whitmore et al. (2007) model was correct, M max had to be constant with log(age) for all galaxies. Fig. 1 shows that this is clearly not the case.
The trends for the interacting galaxies M51 and the Antennae are clearly different from the other five galaxies. The flat slope beyond 100 Myr in M51 was interpreted as a truncation of the CIMF around M up ≃ 5 × 10 5 M ⊙ (Gieles et al. 2006a,b) . We note that M83 was only partially imaged so things could be different for this galaxy when all clusters are included since its CFR is probably similar to that of M51. The flat relation for the Antennae galaxies is consistent with 90% MID each age dex during a Gyr. Note, however, that if we attribute this result entirely to MID, i.e. we assume that the CFR has been roughly constant and that there is no truncation of the CIMF (the interpretation of Whitmore et al. 2007) , then based on size-of-sample effects the Antennae galaxies should have formed clusters with masses up to ∼ 10 9 M ⊙ , but they have been destroyed by MID. This seems unlikely given what we know about other galactic mergers (i.e. that the major burst of star formation in the Antennae will happen as the nuclei coalesce, e.g. Cox et al. 2006 ).
A universal cluster initial mass function?
The galaxies in Fig. 1 are (roughly) ordered by increasing star/cluster formation rate. The slope of M max with age is getting smaller going from the solar neighbourhood to the Antennae galaxies. If cluster masses are drawn from a universal CIMF with a truncation at ∼ 10 6 M ⊙ it is expected that for galaxies with a low CFR the CIMF is not sampled up to this mass (M max << M up ) and thus M max follows from the sizeof-sample prediction of Eq. 7. The truncation should then become more noticeable at high ages (larger age ranges) or in galaxies with a high CFR such as M51 and the Antennae galaxies.
We try to put the results of Fig. 1 in a unified Gieles et al. 2006a) . Doing this for masses rather than luminosities is more difficult since we need to define N as the number of clusters above a certain mass (M crit ), with M crit the same for all galaxies and all age bins. However, M max in the nearby galaxies is of the same order as the minimum cluster mass we have available for M51 and the Antennae and the minimum observable cluster mass increases with age in samples that are luminosity limited (e.g. Gieles et al. 2007) .
From the available ages and masses we count the number of clusters with ages younger than 10 8 yr and masses above M crit , with log(M crit /M ⊙ ) = 2 for the solar neighbourhood, log(M crit /M ⊙ ) = 3 for the SMC and LMC, log(M crit /M ⊙ ) = 3.5 for M33 and M83, log(M crit /M ⊙ ) = 4 for M51 and log(M crit /M ⊙ ) = 5 for the Antennae. We then scale this number, N (M > M crit ; t < 10 8 yr), to a formation rate of clusters with masses above 10 3 M ⊙ , dN (M > 10 3 M ⊙ )/dt, by dividing N (M > M crit ; t < 10 8 yr) by 10 8 yr and multiplying it by M crit /10 3 . The scaling with M crit is justified by Eq. 5.
We can now multiply the width of each bin of each galaxy in Fig. 1 by the dN (M > 10 3 M ⊙ )/dt of that galaxy to get an estimate of the number of clusters with masses above 10 3 M ⊙ that has formed in each bin, again assuming a constant CFR. This allows us to plot all galaxies from Fig. 1 in the same figure. The result is shown in Fig. 2 . For M max smaller than ∼ 10 6 M ⊙ (and N (M > 10 3 M ⊙ ) 10 3 ) all galaxies show the same linear increase of M max with N (M > 10 3 M ⊙ ), similar to that found for the brightest cluster luminosity. We plot the prediction for M max as a function of N from Eq. 5, i.e. for random sampling from a −2 power-law CIMF, as a dotted line. There is good agreement with the observations for M max 10 6 M ⊙ . For higher M max the observed values flatten around 10 6 M ⊙ . Using Eqs. 2&3 we solve for M max as a function of N (M > 10 3 M ⊙ ) for M up = 10 6 M ⊙ (dashed line) and we do the same for a Schechter type CIMF with M * = 10 6 M ⊙ (full line). Both predictions including a truncation describe the data very well suggesting that the masses of star clusters follow the size-of-sample prediction only up to ∼ 10 6 M ⊙ . Above that mass there are far fewer clusters observed than predicted by random sampling from a power-law CIMF without a truncation.
The cluster luminosity function as an independent check
Because the interpretation of the trends of log(M max ) vs. log(age) could be affected by variations in the CFR and disruption (Eq. 9), we show how the integrated luminosity function (LF) will look like when the CIMF is truncated. When the mass function (MF) of a stellar population has a characteristic mass scale, then the LF of a multi-age population can not be interpreted as the MF due to the fading of clusters with age (Meurer et al. 1995; Hogg and Phinney 1997) . However, if all clusters are drawn from a power-law distribution with index −2, without a truncation, the integrated LF should still be a power-law with index −2. Age dependent extinction, star-bursts or variations in the CFR and mass independent dissolution will only affect the normalisation constant, but not the power-law index. No matter how you normalise, a power-law plus a power-law is always a power-law. Mass dependent disruption will make the LF shallower, i.e. with an index larger than −2. However, the LFs of multi-age cluster populations seem to have power-law indices that are smaller (between −2.5 and −2) (e.g. Dolphin and Kennicutt 2002; Elmegreen et al. 2002; Larsen 2002 ) with the LF being steeper at higher luminosities (Zepf et al. 1999; Benedict et al. 2002; Larsen 2002; Whitmore et al. 1999; Mengel et al. 2005; Gieles et al. 2006a,b; Hwang and Lee 2007) .
A slightly steeper LF results naturally from a truncated CIMF combined with evolutionary fading. If the CIMF is populated up to M up at all ages, i.e. M max = M up , then we have a constant number of the most massive clusters at all ages: dN (M up )/dt =constant. The luminosity of these clusters (L up ), however, depends strongly on age. The light-to-mass ratio, or the flux of a cluster of constant mass, can be approximated as t −ζ , with ζ ≃ 1.0/0.7/0.6 for the U/V /K-band. Note that if M up >> M max then the luminosity of clusters with M max (L max ) will actually (statistically) increase with age (in log(age) bins) as L max ∝ t 1−ζ . The fact that the most luminous cluster in a galaxy is generally young therefore already argues for a truncation of the CIMF or a steepening at high masses. With L up ∝ t −ζ we know the change of L up with age dL up /dt ∝ t −ζ−1 . Combining this with the constant dN (M up )/dt we can thus write
where t is substituted for L −1/ζ up . We thus predict that the bright end of the LF is a power-law with index −1−1/0.7 = −2.5 in the V -band, whereas the faint end is a power-law with index −2. This is in perfect agreement with what was found by Gieles et al. (2006b) and Whitmore et al. (1999) for the LF of clusters in M51 and the Antennae 1 , respectively. In the U -band (ζ ≃ 1) the index of the LF is thus −2 and a truncation of the CIMF is not observable in the U -band LF. This filter dependent power-law index is also found for the bright end of the LF of M51 clusters (Gieles et al. 2006a,b; Haas et al. 2008) , though with low significance.
If M max is not sampled up to M up at all ages, the index of the LF will be somewhere between −2.5 and −2. We illustrate this in Fig. 3 with a Monte Carlo simulation. We sample clusters from a CIMF with M min = 10 3 M ⊙ and M up = 10 6 M ⊙ , assuming a constant CFR between 10 7 yr and 10 9 yr and no disruption. We apply a detection limit at M V = −7. In the top panels we show the masses and luminosities as a function of age. For this CFR M max =M up at 100 Myr,
3 × 10 × 100 = 10 6 M ⊙ . In the top left panel we illustrate the statistically expected M max as a function of log(age) as a dashed line. The points follow the line with some clusters above the line, which is allowed since M max is not a hard limit. For ages older than 10 8 yr M max =M up .
In the bottom panels we show the resulting mass and luminosity distributions together with power-law approximations for dN/dM and dN/dL. The mass function has a hard cut-off at high masses and is heavily affected by the detection limit at low masses. The LF, however, is still a power-law, but with a slightly smaller index (∼ −2.3). The LF is in fact best approached by a double power-law (Gieles et al. 2006a ), 1 However, at this conference Brad Whitmore presented the LF of Antennae clusters derived from HST/ACS data and the break in the LF seems to have disappeared.
but in the situation where M max is not sampled up to M up at all ages, the LF becomes only slightly steeper than the underlying CIMF. Note that there are other effects that can make the LF even steeper, but this is only when M max ≃ M up (Larsen 2002) . We emphasise again that without a truncation the integrated LF should be a power-law with index −2.
Conclusion
The fact that for M max 10 6 M ⊙ the relation between M max and N (M > 10 3 M ⊙ ) is similar in seven different galaxies argues for universality of the CIMF in that mass range. Whether the truncation mass of 10 6 M ⊙ is universal is yet unclear. There are observational hints that M up in the Antennae is a factor of four higher than in M51 (Gieles et al. 2006a,b) . Moreover, star clusters with masses well in excess of 10 6 M ⊙ are known (e.g. Miller et al. 1997; Maraston et al. 2004; Bastian et al. 2006; Rejkuba et al. 2007; Wilson et al. 2006) . However, these objects seem to be different from "regular" star clusters based on some fundamental properties. Above ∼ 10 6 M ⊙ there is a relation between cluster radius and mass Haşegan et al. 2005) , while below ∼ 10 6 M ⊙ there in no such correlation, neither for young clusters (Larsen 2004; Scheepmaker et al. 2007 ) nor for old clusters (e.g. Djorgovski and Meylan 1994; McLaughlin 2000; Jordán et al. 2005) . In addition, mass-to-light ratios increase above ∼ 10 6 M ⊙ (Rejkuba et al. 2007 ) and the chemical properties above this mass are distinct as well (Mieske et al. 2006 ). Lastly, a universal upper mass helps to explain the universal globular cluster turn-over location (Jordán et al. 2007 ).
